Ground meats (3 % NaCl) composed of frozen surimi of arabesque greenling (AG) or walleye pollack (WP), both with and without the addition of 3 % protein powders (albumen powder (Al), soybean protein powder (Sp), and Nacaseinate (C-Na)), were heated at 90℃ for 30 min. both with and without preheating at 25℃ for several hours. The rheological properties of the heated gels were then measured with a rheometer throughout the preheating process. The heated gels were solubilized in various solvents, including 0. 6 M NaCl (N), 1. 5∼8. 0 M urea (U), and 2 % mercaptoethanol (Me), and protein solubility was determined. 1) Direct heating of AG and WP and two-step heating of AG, both with and without the addition of individual protein powders, resulted in unset gels. 2) Two-step heating of WP, both with and without the addition of Al or Sp, resulted in a set gel, while the use of C-Na resulted in an unset gel.
Protein additive：(•) none, ( △ ) 3 % albumen powder, (□) 3 % soybean protein powder, (╳) 3 % Na-caseinate. Protein additive：(•) none, ( △ ) 3 % albumen powder, (□) 3 % soybean protein powder, (╳) 3 % Na-caseinate. The preparation of the heated gels with and without addition of protein powders was conducted as in the same manner as in Fig. 1 . The heated gel was minced and solubilized into 5 volumes of S1∼S5 solvents by continuous stirring for 48 hours at room temperature. The soluble protein in the solvent was precipitated on addition of equal volume of 15 % TCA (trichloro-acetic acid). The protein in the sediment was dissolved in 1 M NaOH and measured by a biuret method. The protein solubility in each solvent was expressed as the percent (%) on the basis of total protein content in salt-ground meat. All determinations were performed in triplicate and average value was obtained. Frozen surimi：(A∼D) AG, (E∼H) WP. Protein additive：(A, E) none, (B, F) 3 % albumen powder, (C, G) 3 % soybean protein powder, (D, H) 3 % Na-caseinate.
Solvent：○ 0.6 M NaCl (S1), △ 0.6 M NaCl+1.5 M Urea (S2), □ 0.6 M NaCl+8.0 M Urea (S3), ◇ 0.6 M NaCl+8.0 M Urea+2 % mercaptoetanol (S4), × 2 % SDS+8.0 M Urea+2 % mercaptoetanol (S5), • (100-S4)=I. All solvents contained 20 mM Tris-HCl (pH 7.5). Fig. 3 , the possible types of bond/interaction involved in protein structure of heated gel formed from frozen surimis with and without addition of protein powders, were derived as ; (S1) for ionic bond, (S2−S1) for hydrogen bond, (S3−S2) for hydrophobic interaction, (S4−S3) for disulfide bond, (I=100−S4) for more intensive interaction/bond. The type of binding force involved in insoluble protein(I) structure of heated gel was assumed as to be more intensive one because it was insoluble in either of 0.6 M NaCl, 1.5∼8.0 M Urea, 2 % Me and their mixture. 
